ble, because it is secreted in significant amounts from the infected cells (4) and can also easily be demonstrated in the sera of infected animals (12) . Secreted members of the RNase superfamily are the focus of growing attention as a result of their involvement in diverse biological processes, including organogenesis, cancer, and immunomodulation (13) (14) (15) . Cytotoxic action of EO against the host immune system would be in agreement with known properties of other RNases, such as pancreatic-type bovine seminal RNase (13, 16, 17) and the S-RNases of plants (10) . In vivo studies on the biological functions of EO will require either defined EO mutants of CSFV or large amounts of active protein from heterologous expression systems.
The structural EO protein is apparently important for virus growth for several reasons: (i) EO represents a well-conserved structural glycoprotein within the Pestivirus genus; (ii) immunization with EO alone mediates a protective immune response against lethal CSF (18) ; and (iii) EO has retained its intrinsic catalytic activity during evolution despite its large divergence from classical RNases. Because RNases are among the best studied proteins with respect to their structure and catalytic mechanistics, the EO RNase activity should serve as a convenient target for the development of antiviral drugs. The unexpected finding that a viral glycoprotein is a potent RNase will thus not only further our understanding on the pathogenesis of diseases caused by mammalian viruses but may also provide us with the means to combat them.
Lack of N Regions in Antigen Receptor Variable
Region Genes of TdT-Deficient Lymphocytes in adult as compared to fetal lymphocytes also correlates with substantial TdT expression in precursors of the former but not the latter populations (4, 9-1 1). N region addition to V(D)J junctions in cell lines also has been correlated with TdT expression (12) (13) (14) . However, some cell lines that lacked readily detectable TdT activity were found to add N regions (13, 14) , leading to speculation that N regions also may be added by other mechanisms (15) . To unequivocally evaluate the role of TdT in V(D)J recombination and repertoire development, we used gene-targeted mutation to generate chimeric mice in which all mature lymphocytes develop from precursors lacking TdT expression. We prepared a targeting vector that eliminated the TdT promoter and first exon and allowed for both positive and negative selection (16) (Fig. 1A) . We To characterize V(D)J junctions in TdT-/-and TdT'/-lymphocytes, we used various specific primers (20) to amplify and sequence multiple TCR P, -y, and 8 chain V-D-J or V-J junctions from RNA or genomic DNA of 2.5-to 6-week-old mouse thymuses (Fig. 2) and Ig heavy chain (IgH) V-D-J junctions from genomic DNA of 2.5-week-old mouse spleens (Fig. 3) . In contrast to junctions from TdT'/-lymphocytes, those from TdT-'-lymphocytes contained virtually no N regions (Figs. 2 and 3 and Table 1 ). Thus, TdT is the only major activity involved in physiological N region addition. Other activities speculated to be involved in this process, primarily based on V(D)J recombination substrate studies and illegitimate recombination studies in lymphoid and nonlymphoid cell lines (15) , are not a significant source of N regions in normal developing lymphocytes. Also, P nucleotides occurred at similar frequencies in TdT'-and TdT--junctions ( Table  1 ), confirming that P nucleotide addition is independent of N nucleotide addition and TdT activity.
Short homologies at or near coding sequence breakpoints have been proposed to mediate V(D)J joining and lead to the appearance of certain variable regions at increased frequency in fetal repertoires (5, 10, 2 1). The low TdT expression in developing fetal lymphocytes has been speculated to promote this phenomenon (10) . However, the overall role of such homologies in the V(D)J joining process (leading to "overlapping" junctional nucleotides) has been difficult to evaluate because N regions may have provided occult homology in junctions where none was evident (for example, in most junctions of adult repertoires). In Table 1 ) (19) . Therefore, the occurrence of homologymediated joins is enhanced in TdT--adult lymphocytes-confirming the proposed role ofTdT expression on the relative occurrence of such joins in fetal as compared to adult repertoires. However, over 25% of TdT-'-junctions lacked even one base pair of overlap ( TdT-deficient lympho- TdT- Fig. 2 ). Identical sequences detected in products from the same PCR reaction are counted only once, except when they were found multiple times in independent amplifications (which only occurred for VY3-JY1 reactions).
Number of Number Average
Number of overlapping junctions (%)t sequence context, must contribute to this process. Thus, TdT is a tissue-specific component of V(D)J recombinase. This enzyme is not required for the reaction, but if expressed it qualitatively modifies the outcome by adding N regions to V(D)J junctions. The presence or absence of TdT expression during variable region gene assembly can affect the resulting variable region repertoire in at least two ways. First, N region addition generates a substantial amount of diversity in the portion of antigen receptor variable regions that have a major role in antigen recognition and TCRmajor histocompatibility complex protein interactions (27) . In addition, absence of TdT leads to the appearance of particular variable region genes at increased frequency, probably because N region addition reduces the probability of the homologymediated joining of certain variable region gene segments. In the accompanying report, another group has reached nearly identical conclusions based on the analysis of a germline TdT mutation in which a different TdT exon was targeted (28) . Finally, we note that TdT-'-chimeras as old as 6 months have no marked abnormalities. However, more detailed analyses 1174 may reveal important immunological consequences of the limited variable region repertoire in TdT' mice.
In adult animals, template-independent (or N) nucleotides are frequently added during the rearrangement of variable (V), diversity (D), and joining (J) segments of lymphocyte receptor genes, greatly enhancing junctional diversity. Receptor genes from adult mice carrying a mutation in the terminal deoxynucleotidyl transferase (TdT) gene have few N nucleotides, providing proof that this enzyme is essential for creating diversity. Unlike those from normal adults, receptor genes from adult mutant mice show extensive evidence of homology-directed recombination, suggesting that TdT blocks this process. Thus, switchon of the TdT gene during the first week after birth provokes an even greater expansion of lymphocyte receptor diversity than had previously been thought. (8) , and the amount expressed in vivo correlates with the degree of N region diversity in antigen receptors (9, 10 13 ). In the case of y8 TCRs, certain dominant junctions (termed "canonical") are functionally significant because they give rise to the quasi-monoclonal receptors in specific anatomical locations such as the skin. Overrepresented joints were not generally observed in adult sequences, only in some of those lacking N nucleotides. Initially, the presence of dominant junctions of ryb TCRs was attributed to cellular selection (5, 14) , but a preference for rearranging at short stretches of homology is more probable (15, 16) . Why such homology-directed recombination is pronounced in perinates but rare in adults is an open question.
One approach to better understanding the adult-perinate dichotomy is to artificially produce mature animals with repertoires having immature features. Thus, we generated, through homologous recombination in embryonic stem cells, a strain of mice lacking TdT (17) . The mutation of TdT we obtained was an insertion of the neomycin gene into exon 4, as illustrated in Fig. 1 and confirmed by extensive Southern (DNA) blot analysis. Given the predicted location of the TdT active site and its presumed globular nature (18) , exons 4 to 7 are probably critical for TdT function. No mRNA corresponding to regions 3' of the neomycin insert was detected in thymus RNA from homozygous mutant mice after polymerase chain reaction (PCR) amplification, for which we used a primer pair on the 3' side of the insertion; nor was any revealed by in situ hybridization of the appropriate probe to thymic sections (19 (Fig. 2) , VH7183 DNA sequences from splenocytes (Fig. 3) , and V 8 RNA sequences from CD4+-CR8+CD3lo thymocytes (Fig. 3) are shown. The enzyme TdT was responsible for the bulk of N region diversity because
